It was observed that food deprivation reduces plasma T and E and increases plasma AVT and 10 GH levels. Food restriction also reduced the amount of E produced by isolated ovaries, but it 11 did not affect the ovarian secretion of T and AVT. No ovarian GH secretion was detected.
estradiol (E), arginine-vasotocin (AVT) and growth hormone (GH) as well as the release of 8 these hormones by isolated and cultured ovarian fragments. 9 It was observed that food deprivation reduces plasma T and E and increases plasma AVT and 10 GH levels. Food restriction also reduced the amount of E produced by isolated ovaries, but it 11 did not affect the ovarian secretion of T and AVT. No ovarian GH secretion was detected.
12
Ghrelin administered to ad-libitum fed chickens did not affect plasma T and E levels, but it 13 did increase plasma GH and AVT concentrations. Moreover, it partially prevented the effect 14 of food deprivation on plasma E and AVT levels, but not on T or GH levels. Ghrelin 15 administration to control birds promoted ovarian T, but not E or AVT release and reduced T 16 and not other hormonal outputs in birds subjected to food restriction. 17 Our results (1) confirmed the ovarian origin of the main plasma T and E and the extra-ovarian 18 origin of the main blood AVT and GH; (2) showed that food deprivation-induced suppression 19 of reproduction may be caused by suppression of T and E and the promotion of AVT and GH 20 release; (3) suggest the involvement of ghrelin in control chicken E, AVT and GH output; and 21 (4) indicates that ghrelin can either mimic or modify the effect of the intake of low calories on 22 chicken plasma and ovarian hormones, i.e., it can mediate the effect of metabolic state on 23 hormones involved in the control of reproduction. Reproduction is an energy-demanding process; therefore, it should be synchronized with 3 optimal nutritional conditions. It has been postulated that the hypothetical mediator of the 4 nutritional effect on reproduction (1) should be affected by nutrition and (2) controls 5 reproduction, and (3) its changes should mimic and modify the effect of nutrition on 6 reproduction. On the basis of these criteria, it is proposed that the nutritional status affects 7 mammalian reproductive processes via the metabolic hormones, leptin, ghrelin and obestatin 8 (see Tena-Sempere, 2008; Navarro and Kaiser, 2013; Roa and Tena-Sempere, 2014; Sirotkin, 9 2014 for review). In birds, malnutrition inhibits ovarian folliculogenesis, ovulation/egg laying 10 and ovarian hormones release (Hocking, 2004; Sirotkin and Grossmann, 2015) most likely via 11 the induction of ovarian follicular cells apoptosis (Paczoska-Eliasiewicz et al., 2003) .
Malnutrition is associated with changes in plasma and brain ghrelin as well as its receptors 13 (Kaiya et al., 2007 (Kaiya et al., , 2013 Sirotkin et al., 2013) . Ghrelin im administration in chicken is able 14 to reduce plasma progesterone (P) levels (Sirotkin et al., 2015) , which directly alters 15 proliferation, apoptosis, steroidogenesis and protein kinases in cultured ovarian cells (Sirotkin 16 et al., 2006; Sirotkin and Grossmann, 2007, 2008) , and prevents the food restriction-induced 17 decrease in ovarian testosterone (T), estradiol (E) and arginine-vasotocin (AVT) release 18 (Sirotkin et al., 2015) . Such data have demonstrated the importance of ghrelin in integrating 19 nutrition and reproduction and its potential applicability for the improvement of farm avian 20 reproduction. Nevertheless, the mediatory role of ghrelin in the metabolic control of ovarian 21 functions has only been previously demonstrated in one study (Sirotkin et al., 2015) . 22 Moreover, in the described study, ghrelin and food restriction effects only on hormonal 23 release by ovarian tissue in vitro, but not on plasma hormones under in-vivo conditions, were 24 examined.
25
The general aim of the present study was to examine the role of the nutritional status, 1 metabolic hormone ghrelin and their interrelationships in the control of chicken steroid and 2 peptide hormones involved in the regulation of reproduction. For this purpose, we used both 3 in-vivo and in-vitro approaches to identify the effect of food deprivation, administration of 4 ghrelin 1-18 and their combination on plasma level of hormones (T, E, AVT and growth 5 hormone, GH) whose are known autocrine/paracrine and endocrine regulators of both 6 mammalian and avian ovarian functions (Sirotkin, 2005 (Sirotkin, , 2014 Luna et al., 2014; Hrabia, 7 2015) as well as the release of these hormones by isolated and cultured ovarian fragments. Institute of Animal Science, Neustadt, Germany). The sensitivity of the assay was 10 pg/ml.
10
The cross-reactivity of the T antiserum was ≤96 % to dihydrotestosterone, ≤3 % to 11 androstenedione, ≤0.01 % to P 4 and E 2 , ≤0.02 % to cortisol and <0.001% to corticosterone.
12
The inter-and intraassay coefficients of variation were 12.3% and 6.8%, respectively.
13
E concentrations were evaluated according to Münster (1989) using antisera against steroids 14 (produced by the Institute of Animal Science, Neustadt, Germany) with an assay sensitivity of 15 5 pg/ml. The cross-reactivity of the E 2 antiserum was < 2 % to estrone, ≤ 0.3 % to estriol, ≤ 16 0.004% to T and <0.0001% to P 4 and cortisol. The inter-and intraassay coefficients of 17 variation did not exceed 16.6% and 11.7%, respectively.
18
AVT was determined using RIA according to Gray and Simon (1983) . The anti-AVT The data shown are the mean of the values obtained in three separate experiments performed 8 on separate days using independent animals (8 animals per group) and their ovaries. In each 9 in-vitro experiment, each experimental group consisted of six culture wells with ovarian 10 fragments. Assays of the hormone levels in the incubation media were performed in duplicate.
11
The values of the blank control were subtracted from the value determined using RIA/EIA in 12 the cell-conditioned medium to exclude any non-specific background (less than 15% of the 13 total values). The rates of substance secretion were calculated per mg tissue / day. Significant 14 differences between the experiments were evaluated using two-ways ANOVA. When effects 15 of the treatments were revealed, data obtained from the experimental and control groups were 16 compared using the Wilcoxon-Mann-Whitney multiple range test with Sigma Plot 11.0 17 statistical software (Systat Software, GmbH., Erkrath, Germany). Differences compared to 18 control were considered significant if P < 0.05. 
Results

21
In chicken blood plasma. T, E, AVT and GH were detected (Fig.1) . The culture medium 22 conditioned by cultured ovarian fragments contained normal amounts of T, E and AVT, but 23 not of measurable GH (Fig.2) . These parameters were affected by food restriction, 24 administration of ghrelin and the combination of the above factors.
Food deprivation significantly reduced the concentrations of both T (Fig. 1A) , E (Fig. 1B) and 1 increased the level of both AVT (Fig. 1C) and GH (Fig. 1D ) in plasma. Ghrelin administered 2 to ad-libitum fed chickens did not affect plasma T (Fig. 1A) or E (Fig. 1B) levels, but it did 3 increase plasma AVT (Fig. 1C) and GH (Fig. 1D) concentrations. Moreover, ghrelin 4 administration could partially prevent the effect of food restriction on plasma E (Fig. 1B) and 5 AVT (Fig. 1C) , but not on T (Fig. 1A) or GH (Fig. 1D) reduced the amount of E produced by the ovary (Fig. 2B ), but it did not affect the ovarian 8 secretion of T (Fig. 1A) or AVT (Fig. 2C) . Ghrelin administration to control birds promoted 9 ovarian T ( Fig. 2A ), but not E (Fig. 2B) or AVT (Fig. 2C) release. Furthermore, ghrelin 10 reduced T ( Fig. 2A ), but not E (Fig. 2B) or AVT (Fig. 2C ) output by the ovaries of birds 11 subjected to food deprivation. The observed ghrelin-induced changes could be due to influence of ghrelin on hormonal 13 regulators of reproduction at the level of the ovary (steroids), the upstream hypothalamo-14 hypophysial system (GH) or on the differentiation of CNS and ovarian tissue. The site and 15 fine mechanisms of ghrelin influence on organisms require further studies, but the present 16 observations suggest the action of ghrelin at both CNS and gonadal level. In our experiments, 17 the pronounced effect of ghrelin on testosterone release by ovarian tissue ( Fig.2A) was not 18 associated with the corresponding changes in plasma testosterone (Fig.1A) . It suggests that 19 the direct action of ghrelin on the ovary could be masked by additional factors in CNS or 20 general circulation affecting steroid transport, binging or degradation.
Our observations confirmed previous reports that food deprivation reduces ovarian steroid Kaiya et al., 2007 Kaiya et al., , 2013 Sirotkin et al., 2013; Sintubin et al., 2014) . Furthermore, this is the 10 first evidence that ghrelin can mimic the effect of food deprivation on plasma GH and AVT, 11 and that ghrelin can modify the effect of food deprivation on chicken plasma hormones. 26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49 C  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34 
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